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ABSTRACT 

This document consists of a workshop presentation on 
active learning in the engineering classroom. Eight sessions focus 
on: (1) the format and purpose of the workshop, which is designed to 
help instructors use active learning principles in the classroom; (2) 
the state of instruction in the engineering sciences; (3) the stages 
of knowledge and learning and the use of competency matrices in 
student evaluation; (A) the essential elements of active learning, 
including positive interdependence, individual accountability, group 
processing, and face-to-face interaction; (5) a proposed learning 
culture and the effectiveness of various learning and teaching 
styles; (6) the roles of team leaders, facilitators, and members in 
team-based active learning; (7) the structure and design of active 
learning exercises and homework problems; and (8) student evaluation. 
An appenHix contains notes on change in the learning environment, the 
process of change, and levels of learning. (MDM) 
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Active Learning in the Engineering Classroom 



Session 1 . (10 minutes / 1 0 minutes total) 

Getting Started 

Forming Groups 

Focus on Facilitator Signal 

Issue Bin 

Reflection (the Academic Journal) 
Code of Cooperation 



Session 2. (20 minutes / 30 minutes total) 

Why are we (me and my absent team member) here? 

How did we get here? 

What is our basic operating premise? 

Question: How should Engineering Faculty become aware 

of the need for change? 
Active Learning Delivery: Formulate-Share-Listen-Create (Think-Pair-Share) 



Session 3. (15 minutes / 45 minutes total) 

What Should We Expect from Education? 

Levels of Knowledge and Leaming 

Stages of Knowledge (Mr. House of Hewlett Packard) 
Stages of Leaming (Bloom's Cognitive Domain Taxonomy) 

Evaluation Matrix (Competency Matrix) 
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Session 4. (20 minutes / 65 minutes total) 

Essential Elements of Active Learning (PIGS Face) 
Active Learning Delivery: Jigsaw 



Session 5. (20 minutes / 85 minutes total) 

A Proposed Leamini ^ulture : Video Tape (6 minutes) 

N.B. Workshop Notes Include Materials from the Video Tape 



Session 6. (1 5 minutes / 1 00 minutes total) 

Active Learning (Bits and Pieces) 
Team Roles and Responsibilities 
Fomning Groups 
Code of Cooperation (revisited) 
Cooperative Learning Structures and Procedures 
Cooperative Learning Bromides 



BREAK (20 to 30 minutes but lunch or next day is better) 
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Session 7. (60 minutes / 60 minutes total) 

Heirarchical Structures for Students 

Active Learning Exercise : Conservation of Linear Momentum 

Prompt (summary of today's material) 
Structure (for the task) 

Task (problem or whatever to illustrate today's material) 
Individual Accountability Check Sheet 



Session 8. (30 minutes / 90 minutos total) 

Evaluation Revisited 

Principles of Good Practice for Assessing Student Learning 
Student Assessment Using a Competency Matrix 
Grades and the Matrix 

Process Check 

Reflection 
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Life is for [earning, 

T^ifferentpeopk kam differently 
and have a right to pursue learning 
in their ozm style 
aszueUas 
a need to [earn the sty[es of others, 

T,veryone is an educational institution has 

something to teach 
and something to [earn. 

Life is eclectic, 
9\(p one ivay of teaching, 
[earning, 
or [eading 
fits a[C situations. 

We don't succeed until zoe al[ succeed, ^-^^^ 
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\ Consequences — summary 

❖ students may tend toward 

1 . Sensing or intuitive perception 

2. Visual or verbal input 

3. Inductive or deductive organization 

4. Active or reflective processing 

5. Sequential or g/oba/ understanding 

❖ All combinations of types are needed in 
science and engineering 

❖ Most of our teaching is absfrac? (intuitive), 
verbal, deductive, and sequential. Students in 
our classes tend to be passive. 

To best serve all our students we should be 
reaching all types, not just one. 

❖ If we don't, students suffer, we suffer, and 
society loses valuable contributors. 
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Standard Format for Engineering Science Homework Problems 



NOTE: WORD PROBLEMS TO BE CONVERTED TO MATH NOTATION 



* LABELLED SKETCH OF THE SYSIEM AND SURROUNDINGS 

(N.B. INCLUDING AN APPROPRIATE COORDINATE SYSTEM) 



* SEECIFI CAIIQNS 
AND DATA 

[MATH 
NOTATION] 



T @ GAS = 100 DEG F ( i.e., NQI CONSTANT TEMP. ) 
Q @ VESSEL = 0 ( i.e., NQI ADIABATIC ) 



[i.e., DO NOl SIMPLY COPY THE PROBLEM OUT OF THE BOOK.] 
SPECIFICATIONS : 



DATA 



PARAMETERS 



INFORMATION PROVIDED BY HUMAN BEINGS AND 
THEREFORE SUBJECT TO CHANGE 

INFORMATION INHERENT IN NATURE AND 
THEREFORE "INVARIANT" 

INFORMATION IN WHICH BOTH HUMAN BEINGS 
AND NATURE HAVE A ROLE IN DETERMINING 



* REQUIRED 

[MATH 
NOTATION] 

* ASSUMPTIONS : 

(ESSENTIAL) 



T @ VESSEL = ? 



1) SYSTEM IS GAS 

2) TIME PERIOD 1 HOUR 



[MATH NOTATION ] 
[WHERE APPROPRIATE] 



NOTE: LEAVE SPACE FOR ASSUMPTIONS AND 
INSERT THEM AS THEY ARISE D UR JN G YOUR 
ANALYSIS PROCESS. 



* ANALYSIS 



NEAT 



NEAT 



NEAT 



* T @ VESSEL 


87 DEG F WITH UNITS ! 




IN A POX! 



* REFLECTIONS : 



A BRIEF DISCUSSION OF OBSERVATIONS AND 
CONCLUSIONS DERIVED FROM THIS PROBLEM 
(WHAT WAS LEARNED?) 
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CONSERVATION PRINCIPLES IN ENGINEERING, ECE 394A 



PARTICLE DYNAMICS OR KINETICS (BOTH SIDES I) 

N.B. The PARTICLE is the system (or 'free body') 

N.B. Linear momentum and mechanical energy are not independent 
for particles or rigid BODIES ! 



LINEAR MOMENTtlM 

IN /OUT 
BY FLOW 

(N) 



IN /OUT 
BY EXTERNAL 
FORCES 
(N) 



E f 

^ J: EXTERNAL 



ACCUMULATION 



(N) 



= m 



SYS 



dt 



N.B. Constant mass system 



no flow in or out ! 



• Coordinate system , position vectors , unit vectors changing 
with time , time period? 



MECHANICAL ENERGY 

IN /OUT 
BY FLOW 

(E/t) 



IN /OUT 
BY EXTERNAL 

FORCE 
(POWER, E/t) 

E W 



ACCUMULATION 



(E/t) 



= m 



'sYS [^K ^ ^p)sYS 



N.B. Constant mass system ; no flow in or out I 



Coordinate system , position vectors , unit vectors changing 
with time , time period? 



\ QUESTION 
^ ^JJESTION 

\ 



Would inelastic collisions change the unsteady state 
accounting for mechanical energy ? If so, how ? If not, 
why not? 

Would the unsteady state accounting for mechanical energy be 
useful in solving the trajectory problem with air resistance 
(i.e., drag)? Explain. 
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CONSERVATION PRINCIPLES IN ENGINEERING, ECE 394A 



COURSE OBJECTIVES 
By the end of this course, the student should be able to: 

1 . list the physical quantities that are conserved 
and those that can be accounted for; 

2. state the general conservation laws for those properties that are conserved 
and state the general accounting balances for the properties which are not 
conserved. 

3. For a specific engineering problem: 

a. identify an appropriate system, surroundings and time period based on a 
verbal or written description of the problem or a visual observation of the 
physical system; 

b. identify the quantities to be conserved and those that can be accounted 
for in the system and surroundings; 

c. construct the appropriate conservation laws and accounting balances; 

ki. delineate the specifications and data required for the model if the 
number of independent equations is to equal the number of unknowns; 

e. make appropriate assumptions, but retain the important elements of the 
problem; 

f . state whether the model is descriptive or predictive; 

g. solve the resulting equations which describe the model; 

h. discuss the physical relevance of the numerical values for the solution 
and the physical relevance of the problem in general; 

i. state the distinction between the mathematical model and the physical 
reality the model attempts to describe; 

In addition, the student should: 

4. develop a cooperative attitude towards leaming; 

5. take an active role in her or his education; 

6. strive for continuous improvement. ^ 

.4. O « I 



UNDERSTANDING ENGINEERING SYSTEMS 
VIA CONSERVATION, ECE 394C 



COURSE OBJECTIVES 
By the end of this course, the student should be able to: 

1 . Differentiate between the three types of knowledge: 
content, procedural, and conditional. 

2. Demonstrate the ability to make important engineering decisions 
about the design and analysis of complex processes. 

3. Model multidiscipline and highly complex single discipline systems. 

4. Differentiate between symptoms of a "problem" and 
the root cause of a "problem". 

5. Model vs. reality. 

6. Reading and interpreting a problem by extracting 
important information and ignoring unimportant details. 

7. Demonstrate the ability to understand systems as opposed to 
solving problems. 

8. Properly execute thoughts and ideas. 

9. Determine system extent. 



iS-t 



I 



I 
I 



Determine the MODEL DEGREES OF freedom 



List the Possible Flows or Motions 

(i.e., based on the labeled sketch) 



I 

UNDERSTANDING ENGINEERING SYSTEMS VIA CONSERVATION, ECE 394C 

I 

RECOMMENDED PROCEDURE 

I 

I i 1 i Understand the System and Define the State of the System 
H • Prepare a Labeled sketch 

I 
I 

I Which Flows or Motions are Relevant? 
(INCLUDE the concomitant CONDITIONS) 

Which Flows or Motions are independent? 
I (INCLUDE the concomitant CONDITIONS) 

B . Determine the system extent (e.g., Freebody Diagram) 

I 
I 
I 

I . Determine the Order of the MODEL of the System 



Is the MODEL to be used to Dnsign or to Predict Behavior' 

List the Appropriate MODEL 

Data, Specifications, and Parameters 



List the POSSIBLE Accumulation or State Variables 
Which Accumulations are Relevant 
I Which Accumulations are Independent? 



(INCLUDE concomitant CONDITIONS) 

Predict the MINIMUM Number of 

Auxiliary Variables or Algebraic Equations (if DOF>ORDER) 



Er|c jvr 



Develop a Mathematical MODEL of the System 



• Formulate the Conservation and Accounting Balances 



• Formulate One or More Sets of Independent, 

First Order Differential Equations for the MODEL 



• Formulate the Intuitively Obvious constraints, 

(INCLUDING the 'Defining Relationships', IF ANY!) 



• List ALL of the MODEL Variables (i.e., NOT just the Unknowns!) 



• Determine if the MODEL is Complete and Solvable 



Perform the Analysis of the Mathematical Model 

Variables 
Equations 
- Data 

Specifications 
Parameters 
Initial conditions 



= Unknowns 



List the Unknowns and Identify the Result Variables 
(N.B. The number of result variable 

should equal the n\iinber of equations) 



• Select Values for the Appropriate Set of Variables and 
Quantify the System Behavior or Response 



• Document the Solution. 

N.B. Include the Procedural and Conditional Information 
used in the model (e.g., vector loops) which will be of 
value in preparing entries for the Competency Matrix. 



(List Variables) 
(List Variables) 
(List Variables) 
(List Variables) 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



UNDERSTANDING ENGINEERING SYSTEMS VIA CONSERVATION, ECE 394C 



AN EXAMPLE OF THE PROCEDURE 



SKETCH 




^ 0 

AT 
t = 0 

;i.e. , it's moving ! ) 



POSSIBLE DOF (Flows or Motions ) 
1. Motion PARALLEL to the incline (up or dovm) 
Rotational motion (i.e., it 'tips') 



2 
3 



Motion PERPENDICULAR to the incline 
(i.e., rotation causes the center of gravity to move 
vertically) 
4. Thermal energy flow due to friction 

RELEVANT FLOWS OR MOTIONS 

1. Motion PARALLEL to the incline 
Conditions : 

* Assume the block does NOT rotate; 
therefore it does NOT move vertically 

* Neglect thermal energy effects 

INDEPENDENT FLOWS OR MOTIONS 

1. Motion PARALLEL to the incline 
Conditions : 

* None 

ACTUAL DOF : 1 



ERIC 
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SYSTEM EXTENT 




N 

PREDICT THE BEHAVIOR 

What is the motion of the block if the applied force is constant 



Data 

Specifications 
Parameters 



F , m , e 



ORDK R : 

POSSIBLE ACCUMULATIONS 

1. Linear Momentum (LM) PARAiiLEL to the Incline 

2. Kinetic Energy (KE) due to Linear Motion 

3. Gravitational Potential Energy (GPE) 
INDEPENDENT ACCUMULATIONS 

1. LM or KE (State Variable , V) 

2. GPE (State Variable , h) 
CONDITIONS : 

* LB and KE can both be determined from the linear velocity 
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ATrgII.IAB Y VARIABLES 

DOF - ORDER = 1-2 = -1 , NO INFORMATION 

MATHEMATICAIi MODEL 

* CONSERVATION AND ACCOUNTING EQUATIONS 

d 



F - fx, - mg SIN 0 = 



dt 



{mv) 



* OTHER FIRST ORDER ODE's 



Y = (N.B. Also a Constraint !) 

dt 



* CONSTRAINTS 



N - mg COS 0 = 0 ; N < 0 

N.B. The block must be in contact with the incline 
there is no friction and no frictional force. 



MODEL VARIABLES 



EQUATION 



9 : F , fj, , m , g , Q , V , , t , 



* EQUATION 
2 : .?C / 



* EQUATION 
2 : \lt, , N 



EQUATION 



\ 



0 : NO ADDITIONAL VARIABLES 
* TOTAL 9+2+2+0 = 13 



I 
I 
I 
I 
I 
I 

B 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ERIC 



AMAIiYSIS 

13 VARIABLES 
- 4 EQUATIONS 



9 UNKNOWNS 
1 DATA (g) 

3 SPECIFICATIONS (F , m , 6) 
1 PARAMETER ( ) 

3 INITIAL CONDITIONS ( , , to 



NET 



+1 (OK , t is the independent variable ! ) 



THE NUMBER OF 
RESULT VARIABLES 
EQUALS THE 
NUMBER OF EQUATIONS 



1. V (t) 

2. X (t) 
3 . N 

4. f, 

5. t (the independent variable) 



N.B. The value of one o" these variables must be specified 
since there are only 4 equations. 



NOTE : If the independent variable t is HQ£ specified, 

the solution process may require a trial and error process 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



UNDERSTANDING ENGINEERING SYSTEMS VTA CONSERVATION, ECE 394C 



ANOTHER EXAMPLE OF THE PROCEDURE 



SKETCH 




^ 0 



AT 

t = 0 
(i.e., it's moving !) 



V = (0 i? 



POSSIBLE DOF (Flows or Motions) 

1. Motion of the block parallel to the incline (up or down) 
Rotational motion of the block (i.e., it "tips') 



2 
3 

4 

5 



Motion of the block perpendicdlar to the incline 
(i.e., rotation causes the center of gravity to move vertically) 

Thermal energy flow due to friction between the block and incline 

Motion of the spring parallel to the incline 



relevant flows or motions 

1. Motion of the block PARALLEL to the incline 

2 . Motion of the spring parallel to the incline 
Conditions : 

* Assume the block does NOT rotate; 
therefore it does NOT move vertically 

* Neglect thermal energy effects 

INDEPENDE NT FLOWS OR MOTIONS 

1. Motion of the block PARALLEL to the incline 

2 . Motion of the spring parallel to the incline 
Conditions : 

* None (N.B. hold the right end of the spring AND hold the block) 
ACTUAL DOF : 2 
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SYSTEM EXTENT 




PREDICT THE BEHAVIOR 

What is the motion of the block if the winch velocity is constant 
DATA : g ; SPECIFICATIONS : m , 6 , V ; PARAMETERS : [Xj^ , 
ORDER : 

POSSIBLE ACCUMULATIONS 

1. Linear Momentum (LM) of the block parallel to the Incline 

2. Kinetic Energy (KE) of the block due to Linear Motion 

3. Gravitational Potential Energy (GPE) of the block 

4. Spring Potential Energy (SPE) 
RELEVANT. INDEPENDENT ACCUMULATIONS 

1. LM or KE of the block (State Variable , V; 

2. GPE of the block (State Variable , h) 

3. SPE (state variable, - - 1) 
CONDITIONS : 

* LM and KE can both be determined from the linear velocity 



ERIC 



1 



I 

^ AUXILIARY VARIABLES 

I DOF - ORDER = 2-3 = -1,N0 INFORMATION 

MATHEMATICAL MODEL 



I 

I 

I 

I 

I 

I 

1 
1 
i 
I 
I 
I 
I 
I 
I 
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m = 0 ; = 0 

- Ef = -4- {KE + PE) 
dt 



dU 
dt 



= 0 



N.B. BOTH GPE A2ID SPE 



CONSERVATION AND ACCOUNTING EQUATIONS 



F V - fj^V = 



dt 



KE 



GPE, 



B 



PE, 



SPRING 



m 



( + gx, SINQ ) + I [ ( ^2 - X, - i )2 - ( 



constants 



^20 -"-10 



-1] 



OTHER FIRST ORDER ODE ' s (N.B. THIRD ORDER !) 

dx^ 



V = 



V = 



dt 

dx^ 
dt 



(N.B. ALSO A CONSTRAINT !) 



(N.B. ALSO A CONSTRAINT !) 



CONSTRAINTS (INCLUDING "DEFINING RELATIONSHIPS" 
fj, = i\7 (N.B. Also a Constraint !) 



N - mg COS 0 = 0 



N.B. The block must be in contact with the incline 

or there is no friction and no frictional force, 



193 
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MODKI. VARIABIiES 

* EQUATION 



(JC) 



IS : F , V , , V 



O I 



m 



* Er.JATION 

0 : 

* EQUATION 

0 : 



* EQUATION 

2 : . N 



* EQUATION 

0 : 

* TOTAL 15+0+0+2 = 

AMAIiYSIS 

17 VARIABLES 

- 5 EQUATIONS 

- 1 DATA 

- 3 SPECIFICATIONS 

- 2 PARAMETERS 



17 



(0) 

(m , e , V) 



4 INITIAL CONDITIONS ( V„ , / -X^io J t 



2 UNKNOWNS (1 OF WHICH IS t) 
N.B. REMEMBER t IS THE INDEPENDENT VARIABLE 
CONCLUSION : SEARCH FOR MORE EQUATIONS ! 
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MATHEMATICAL MODEL (CONTINUED) 

* BLOCK LM , SPRING "DEFINING RELATIONSHIP" ? 

* CONSERVATION AND ACCOUNTING EQUATIONS 



F - f. 



d 

dt 



{ittV) 



* CONSTRAINTS (INCLUDING "DEFINING RELATIONSHIPS") 



F = - k [ { - X-^) - i In.B. Also a Constraint 



ANALYSI S ( CONTINUED ) 

2 VARIABLES (FROM PREVIOUS PAGE) 
+ 1 PARAMETER ( 1 FROM 7 ) 



2 EQUATIONS ( 



AND 



1 PARAMETER ( i) 



NOT 



OK , t IS THE INDEPENDENT VARIABLE ! 



N.B. THEREFORE 1 OF THE 



EQUATIONS IS DEPENDENT 



NOTE THE FOLLOWING RELATIONSHIPS ! 



2. 



dt 



dt 



( system) 



ME. 



BLOCK 



) = 



3. F ' {V - v) 



dt 



( PE 



SPRING 



4. F= - k [ { X2 - x^) - 1 ] 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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UNKNOWNS 
1. F 
2. 

3. V 

4, 
5 
6 
7 



^1 

t 
N 



THE NUMBER OF 
RESULT VARIABLES 
EQUALS THE 
NUMBER OF EQUATIONS 



Select a value for t or any other of the unknowns and solve 
the 6. independent equations for the remaining unknovms 

(N.B. called 'result variables') 

NOTES : 

Eliminate the total energy equation due to its complexity ! 



I 

CONSERVATION PRINCIPLES IN ENGINEERING, ECE 394A 

I 

I DBMING'S FOURTEEN POINTS - REVISED FOR ECE 394 

m 1) Create constancy of purpose toward improvement of knowledge, know-how, 
I wisdom, and character through education with the aim to become competitive and 

to stay productive in society. 



Problem : Instructors are not ready to deal with wisdom and character . 

2) Adopt the new Philosophy. We are in a new economic age. Instructors, students, 
and administrators must awaken to challenge, must learn their responsibilities, 
and take on leadership for change. 

Problem : Adrnx^ustration is imwilllng to support major changes. 



I 
I 

I 

13) Cease dependence on grades to achieve qucility. Eliminate the need for testing on 
a mass basis by building quality into the student in the first place. 

B Problem: Criticism by society and future employers who believe that the future 

performance of any employee can be predicted based on test taking 

I and grades obtained. 
4) End the practice of educating and evaluating academic success on the basis of 
^ grades. Maximize instead the competency of the graduates. Streamline the 

H faculty so that courses based on competency levels are taught by the same group 

of instructors. 

I 5) Exceed employers' expectations of graduates' quality through continual 

improvement of the educational process; thus, continually maximizing graduates' 
I competency. 

I 

7) The aim of teachers should be to help students and themselves Increase the 

R quality of education. Teachers need to be retrEiined, and teachers and students 



6) Institute faculty development courses in such areas as communication and inter 
personal skills. 



I 



need to cooperate in the learning environment. 
NO FEAR 1 



Is, 

I The student and teacher should abolish all grades, tests, etc. and should work 
together so everyone benefits and succeeds. 
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I 

I 9) NO BOXES ! 

■ Integrate classes so student has one broad body of knowledge instead of many 
little ones that sh/he might not be able to connect. Different instructors must 
team together to avoid any barrier problems. 

10) Quit complaining about student success rate, start change in educational process. 

II Problem : Inflexible institutions due to fear of change. 

H 11) Eliminate grades, competition between students. Substitute cooperative learning. 

12) Remove barriers that rob students and teachers of confidence in the educational 
process. This means concentration on the quality of education in the students 
rather than the quantity of the education (i.e., taking responsibility for one's self 
education). 



I 

I 

E 



13) Institute a vigorous program for the need of quality education which will 
ultimately improve self and community. 

14) All teachers and students must work together to Instill a more rapid and smooth 
modification of the current system to reinforce commitment and leadership. 

Problem : Inflexible institutions due to fecir. 



U)3 
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THE DEFINITE INTEGRAL 



Distance travelled = Integral of velocity function 



Definition: 



The definite integral is a limit of Riemann sums. 



f(t) 



\''f{t)dt = lim{Tf(ti)At) 

i=0 



.At 

i ¥ 



Interpretation of the definite integral: 

Distance travelled = Integral of the velocity function. 
Total Change = integral of the rate of change. 
Area under graph = Integral ofpostiive function. 

1 rb 

Average value of f(x) from ato b= / M ^ 



The fundamental theorem of calculus 



lff=rthen tf{t)dt = F(b)-F{a) 

Ja 



a = to ti t2 ... t„=b 



t 



ERIC 



STRUCTURE 

Not all the following need to apply to each problem 
DEFINE THE PROBLEM 

❖ Draw a picture. Label everything that might be involved in 
the problem. List the given data in the picture. 

❖ Identify all relevant variables. 

❖ Which variables are a function of which variables? 

❖ Write down formulas for the function where possible. 
(There is no need yet to simplify them at this time.) 

❖ Sketch graphs of the functions. Completely label the 
graphs. 

❖ Obtain numerical values / estimates; 

what are reasonable ranges for the variables.) 

DECIDE ON A SOLUTION STRATEGY 

❖ What is (are) the unknown(s)? 

❖ Which mathematical structures are applicable? 

❖ What are possible solution methods? 
❖ 

SOLVE THE PROBLEM 
❖ 

❖ Is the solution exact? If not, do you have error estimates? 
PREPARE A REPORT 



TASK^ 



Section 3.3, Exercise 1 1 

If you jump out of an airplane and your parachute 
fails to open, your downward velocity f seconds 
after the jump is approximated by 

v(0 = f(i-e-") 
k 

m 

where g = 9M — ^ 

sec 

and ^ = 0.2sec~^ 



(a) Write an expression for the distance you fall 
in r seconds. 

(b) If you jump from 5000 meters above ground, 
for approximately how many seconds do you 
fall before hitting the ground? 



'Deborah Hughcs-Hallct ct al., Calculus. Preliminary Edition 
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